T he relation of Graves' ophthalmopathy to thyroid disease is poorly understood although the orbital changes are generally regarded as autoimmune in origin. [1] [2] [3] [4] Between 80-90% of patients with Graves' ophthalmopathy have associated hyperthyroidism, 5 6 but there is a subset of patients who are euthyroid. 7 8 Solomon et al proposed that Graves' ophthalmopathy, Graves' hyperthyroidism, and Hashimoto's thyroiditis are separate and distinct autoimmune disorders that tend to occur in pairs. 7 Supporting this proposal, Inoue et al found that the HLA types of patients with euthyroid Graves' ophthalmopathy are genetically distinct from those of patients with Graves' disease or Hashimoto's thyroiditis. 9 However, others have cited endocrinological, immunological, and clinical evidence to the contrary. [10] [11] [12] [13] As more sensitive tests become available perhaps most, if not all, of these patients will be found to manifest thyroid abnormalities. Thus, it is unlikely that there are two separate entities-dysthyroid ophthalmopathy and euthyroid ophthalmopathy. Yet, the fact that euthyroid patients do develop eye changes affords the opportunity to evaluate the relation between thyroid hormone abnormalities and their specific association with eye disease.
In the present study, we retrospectively evaluated possible risk factors as well as various clinical variables associated with both abnormal thyroid hormone (ALTH) and normal thyroid hormone (NLTH) status in 482 consecutive patients seen at the Doheny Eye Institute, Keck School of Medicine.
METHODS
We reviewed all retrievable charts of patients initially seen at our institution for Graves' ophthalmopathy between the years of 1980-99. Ophthalmopathy was diagnosed by a combination of clinical symptoms and signs and computed tomographic scans. Of a total of 482 patients, 413 were classified as having ophthalmopathy associated with some form of thyroid dysfunction (dysthyroid group, ALTH), as evidenced by a history of abnormal thyroid function tests, previous diagnosis of thyroid dysfunction by an outside physician, or current or past use of thyroid medications. Of these 413 patients, 401 had a documented history of Graves' hyperthyroidism. Hashimoto's was previously diagnosed in four in which two also had Graves' disease. Eight had a history of hypothyroidism of unknown aetiology. The remaining 69 patients were found to be euthyroid, based on the normal thyroid function tests, lack of clinical signs or symptoms, absence of medical or surgical treatment for thyroid dysfunction, and a negative history of any thyroid associated abnormalities. These NLTH patients were often seen many times in our neuro-ophthalmology clinic and their thyroid status was continuously monitored for any evidence of dysfunction. Any NLTH patients who subsequently developed thyroid dysfunction were reclassified into the appropriate group. We cannot exclude the possibility that some NLTH patients had an undetected, transient episode of asymptomatic hyperthyroidism.
Independent sample t tests were used to compare the means of the continuous variables between groups. x 2 or Fisher's exact tests were used to test for differences in the frequencies of the categorical variables between groups. Variables for which there were found to be statistically significant differences between groups were subjected to stepwise logistic regression to determine which variables were independently predictive of group assignment.
We calculated the means and frequencies for the significant risk factors and epidemiological data and compared them with those of the NLTH and the hyperthyroid groups. Independent sample t tests were used to compare the means of the continuous variables between groups. x 2 or Fisher's exact tests were used to test for differences in the frequencies of the categorical variables between groups.
RESULTS
Characteristics of the 12 patients with a history of hypothyroidism tended to be more similar to the hyperthyroid group than to NLTH group and, therefore, were assigned to the ALTH category (table 1). The mean age at first neuroophthalmology visit was higher for the NLTH group (56 (SD 13.5)) than for the ALTH group (52 (15.4)) (p = 0.02). The patients in the NLTH group were on average heavier than patients in the ALTH group (age adjusted BMI = 26.1 (SD 0.8) and 23.4 (0.3), respectively, p = 0.001). Seventy six per cent of the ALTH group was female compared to 51% for the NLTH group (p,0.001). The ALTH group had a higher percentage of patients who had eye surgeries (p = 0.004) or a family history of thyroid disease (p = 0.01), while the NLTH group had a higher percentage of patients with hypercholesterolaemia (p = 0.006). No significant differences were found for other variables as listed in table 2. Stepwise logistic regression revealed that sex, a history of eye surgery, hypercholesterolaemia, age at first ocular dysfunction, and family history of thyroid disease were independently predictive of group assignment with x 2 p values of 0.0001, 0.0009, 0.002, 0.006, 0.03, respectively.
Data analysis

Generalisability of the study population
The relative frequency of NLTH in this study is similar to the 10%-20% reported by others, 5 6 as is the approximate 3:1 ratio of female:male patients for ALTH and the approximate 1:1 ratio for NLTH. 5 6 14 15 The age distribution was also similar to the findings of previous studies with a mean age in the ALTH and NLTH groups of 52 and 56, respectively 5 6 13 (table 2) . Thus, no important bias in the patient population due to unusual patterns of referral was found.
Comparison of risk factors
Risk factors may be grouped into two types-vasculopathic and endocrinopathic. The NLTH group had significantly higher risk indices for vasculopathic risk factors of age, BMI, and hypercholesterolaemia but no instances of significantly lower risk indices relative to the ALTH group. However, the prevalence of hypercholesterolaemia, diabetes, hypertension, and tobacco use did not exceed that of the general population for either the ALTH or the NLTH groups. [16] [17] [18] [19] Given that the NLTH group did not exceed these predicted prevalences in the general population, differences in the BMI and total cholesterol between the two groups may be attributable to the effects of a recent hyperthyroid state. [20] [21] [22] [23] [24] It is notable that the NLTH group had a higher average BMI than the general population. 25 On the other hand, the ALTH group had significantly greater endocrinopathic risk factors than the NLTH group (female sex and positive family history of thyroid disease). Similarity of racial make-up between the groups may suggest similarity of underlying immunological response characteristics in the two groups (table 2) .
Severity of ophthalmopathy
If surgical treatment is taken as an indication of the degree of ophthalmopathy, NLTH was found to be a less severe disease than ALTH. Also, those patients with NLTH tended towards less medical and radiation treatment than patients with ALTH (table 2) . This is in agreement with Solomon's observation of milder eye disease in patients with euthyroid versus patients with dysthyroid Graves' ophthalmopathy. 9 
DISCUSSION
This study is the largest such series yet reported. Those patients in the NLTH group were significantly older, more likely to be male, had less severe ophthalmopathy, a higher BMI (even relative to the general population), and a lower incidence of a family history of thyroid disease than the patients in the ALTH group. Therefore, ALTH and NLTH appear to have different risk factors as well as epidemiological characteristics, indicating that NLTH may deserve its separate status.
Of high clinical relevance, the ALTH group had a higher incidence of surgical treatments, indicating more severe ophthalmopathy. This implies that thyroid status is probably influential in determining the clinical course of ophthalmopathy. That thyroid dysfunction is associated with increasing severity of ophthalmopathy is corroborated by previous studies.
7 26 27 Also, high serum thyrotropin concentrations or hypothyroidism after radioiodine therapy are associated with an increased risk of ophthalmopathy. 28 29 Thus, strict normalisation of thyroid function may be beneficial in lessening the severity of ophthalmopathy.
